This work was developed with the objective of monitoring the occurrence of glyphosate-resistant biotypes of sourgrass (D. insularis) in Machado, Alpinópolis, Serrania and Divisa Nova, in the south region of Minas Gerais, Brazil. In each area, seeds of at least 20 plants were collected in full physiological maturity stage. For operational reasons, the analysis of different biotypes was divided into two timings, the first held in the second half of 2013 and the second in the first half of 2014. Plants were treated in the 4-5 leaves stage / tillering (First timing) and preflowering (Second timing); with the following treatments (D = 720 g ha -1 a.e.): 4D, D, 1/4D, 1/16D, 1/64D and herbicide absence. The percentage of control was evaluated at 14 and 28 days after application (DAA) as well as the residual dry mass at 28 DAA. Twelve sourgrass biotypes were considered susceptible to glyphosate; glyphosate differential susceptibility was detected between sourgrass biotypes; different management measures must be adopted to reduce the pressure of selection and the worsening of the situation.
Introduction
Weeds are among biotic factors that may directly or indirectly interfere on crops' growth and yield, competing by essential resources, releasing allelophatic substances in the environment or hosting pests (Leite Júnior & Mohan, 1990) . Currently, the intensive use of herbicides for weed management is the most adopted practice in agriculture (Yang et al., 2007) . Nowadays, glyphosate is the most important herbicide in the world, and it has been used for many years to control annual or perennial weeds, in many cropping systems (Faircloth et al., 2001; Blackshaw & Harker, 2002) .
Currently, one of the most important discussion about weed management in Brazilian or Global agricultural crops is the selection of herbicide-resistant weed biotypes. Herbicide weed resistance may be defined as the inherent and inheritable capacity of certain biotypes, among weed population, to survive and reproduce after being exposed to a herbicide dose which would be lethal to susceptible individuals of the same species (Christoffoleti & López-Ovejero, 2008) .
Resistance is a natural phenomenon that spontaneously occurs in weed populations; then, the herbicide does not cause resistance, it just works selecting resistant individuals that may be found naturally in the population, although with small initial frequency (López-Ovejero et al., 2006) . This selection is related to the great genetic variability that is common on weed populations. This variability allows weed to adapt and survive in the most diverse environmental conditions (Christoffoleti & López-Ovejero, 2003) .
Weed management is also essential in coffee (Coffea spp.) plantations, since this crop is extremely sensible to weed competition by nutrients (Ronchi & Silva, 2006) , light and water, causing damages to flowering, fruiting and hence its yield (Alcântara & Ferreira, 2000) . In the south region of Minas Gerais State, Brazil, there are no confirmed cases of glyphosate-resistant weed species; however, frequently, weed management in coffee plantations is strongly based on several annual applications of this herbicide. This environment is extremely favorable for selecting herbicideresistant weed biotypes, which must be monitored carefully.
Sourgrass (Digitaria insularis) is a weed frequently found in Brazilian pastures, coffee plantations, orchards, roadsides and vacant lands. This weed used to be less common in cultivated soils, however currently it has been identified as one of the most important weed in no-tillage areas of the cerrado and in southern Brazil. It grows vigorously, forming clumps that bloom during almost all the summer (Lorenzi, 2008) . The first world case of a glyphosateresistant sourgrass biotype was reported in Paraguay, in 2005 (Heap, 2015) . In Brazil, the first cases were reported in 2008 and 2011 (Melo, 2011; Carvalho et al., 2011; Heap, 2015) , in soybean and maize fields and in citrus orchards.
Considering sourgrass is easily found in coffee plantations frequently managed with glyphosate, the objective of this work was monitoring the occurrence of glyphosateresistant biotypes of sourgrass (D. insularis) in Machado, Alpinópolis, Serrania and Divisa Nova, in the south region of Minas Gerais, Brazil.
Material and Methods
This work was carried out in greenhouse condition at the Federal Institute of Education, Science and Technology of the South of Minas Gerais (MG), Machado campus, Brazil (21º 40' S; 45º 44' W; 850 m of altitude).
Twelve independent trials were developed to evaluate glyphosate control of sourgrass (Digitaria insularis) biotypes. These biotypes were sampled on different growth environments (coffee plantations, glyphosate applying areas, urban area and fallow land), in the cities of Machado, Alpinópolis, Serrania and Divisa Nova (MG). In each area, seeds were collected in bulk from at least 20 plants, in representative infestations, in the stage of complete physiological maturity. At the harvest moment, geographical coordinates were noted for each sampling point (Table 1) . Seeds of each biotype were homogenized and stored in paper bags, in a dry place at room temperature, until the beginning of the trials. For growing the seedlings, seeds were distributed on 4 L commercial plastic pots, filled with a mix of commercial substrate (Pinus bark, turf and vermiculite) and vermiculite (3:1 v/v). At two unfolded leaves stage, seedlings were transplanted to experimental plots, where they remained up to the end of the trials. Experimental plots consisted of 1L plastic pots, filled with the same mixture of substrate and vermiculite, properly fertilized. Plots had the mean of ten plants, without nutritional or water stress.
For operational reasons, the analysis of several biotypes was divided into two phases. First, half of the biotypes were evaluated in the second half of 2013. After that, the other half of the biotypes were studied in the first half of 2014. Biotypes susceptibility to glyphosate was quantified through the method of dose-response curves. Each biotype was considered as an independent trial installed on a randomized blocks experimental design, with six treatments (glyphosate doses) and five replicates, totaling 30 plots. In this case, small variability in size or number of plants per pot was considered the factor for blocking the trials. On each biotype, it was applied the same six glyphosate (Roundup Original ® ) doses, as follows: 4D, D, 1/4D, 1/16D, 1/64D and herbicide absence. The D is the herbicide recommended dose, proportional to 720 g ha -1 of glyphosate acid equivalent (a.e.). Doses were chosen considering susceptible biotypes, since using higher doses could not allow the comparisons, if all the doses might promote 100% of control.
In the first phase, glyphosate was applied on plants at the 4-5 leaves / full tillering stage (biotypes A to G); in the second phase, plants were applied on pre-flowering stage (biotypes H to K + F) at the application timing. Herbicide treatments were applied using a CO2-backpack sprayer, coupled to a two nozzles bar (flat fan -TeeJet XR 110.02), positioned at 0.50 m above the targets and with consumption of spray solution proportional to 200 L ha -1 . After herbicide application, pots were placed in the greenhouse and irrigated on the following day to secure adequate foliar absorption of the molecules. Meteorological data were locally collected at the time of applications (Table 2) .
Sourgrass control was evaluated at 14 and 28 days after application (DAA), as well as the residual dry mass was measured at 28 DAA. For control evaluations, it was considered a percentage scale variable from zero up to 100%, in which zero means the absence of symptoms and 100 means plant death. Dry mass values were obtained from the harvest of all remaining plant material in the plots, with subsequent drying in an oven at 70 °C for 72 h. These values were corrected to percentage by comparing the residual mass of each herbicide treatment with the mass of control plots (herbicide absence), considered as 100%. Initially, data analysis was performed by applying the F test on analysis of variance. Considering that the maximum dose has reached 100% of control, dose-response curves were fitted according to non-linear log-logistic model with two parameters, adapted by Carvalho et al. (2010) :
In which: y is the variable (control or percentage of dry mass), x is the herbicide dose (g ha -1 a.e.), LD50 is the herbicide lethal dose that reduces 50% of variable response (50% of control or reduction of mass) and α is the slope of the curve around LD50.
The log-logistic model presents advantages once one of the equation parameter is an estimative of LD50. LD50 (lethal dose to 50%) is the herbicide dose (g ha -1 a.e.) that promotes 50% of control or weeds' weight reduction (Carvalho et al., 2009) . Considering agronomic efficacy, it was also calculated LD80, i.e., the herbicide dose necessary to control the biotype up to 80% or to reduce 80% of dry mass.
Results and Discussion
Log-logistic models were fit to the data, with coefficients of determination always above 0.90 (Tables 3 and 4 ). Considering control evaluation at 14 DAA, LD50 values were below 720 g ha -1 a.e. for all biotypes, what is equivalent to 2 L ha -1 of commercial product (Roundup Original ® ; 360 g L -1 a.e.). In this evaluation, it was also possible to observe that plants on pre-flowering stage (second phase) were more difficult to control with glyphosate than plants on tillering stage (first phase), mainly if LD80 is considered. In both phases, biotype F was the most difficult to control, demanding doses up to 2,650 g ha -1 a.e. for LD80, that is highly above commercial recommendation (Rodrigues & Almeida, 2011) (Table 3) .
Curiously, biotype F was sampled in Machado urban area. Once herbicide application in urban area is legally forbidden, and considering the possibilities of sourgrass dispersal, it is possible that this biotype may be exposed to glyphosate elsewhere and then transported to urban areas. At 28 DAA, 360 g ha -1 a.e. of glyphosate were enough to ensure LD50 of all biotypes. Considering LD80, biotype I was the most difficult to control, demanding 725 g ha -1 a.e. of glyphosate (Table 3 ). In this second evaluation, LD50 and LD80 values were lower than at 14 DAA, that may be explained by the time necessary for glyphosate killing the weeds, about 14 to 21 days. Considering dry mass evaluation at 28 DAA, LD80 could be reached with the glyphosate commercial dose, up to 1,440 g ha -1 a.e., what indicates these biotypes are not resistant to the product, however they have differential levels of susceptibility (Table  4) . Frequently, control of sourgrass adult plants demands the application of glyphosate doses superior than those recommended to control other species of the Poaceae family. Timossi et al. (2006) observed that 1,440 g ha -1 a.e. of glyphosate were necessary to promote satisfactory control of the infesting population, but it did not prevent its regrowth. In field condition, in areas with glyphosate continuous use, young plants originated from seeds have been adequately controlled by the herbicide; however, when they develop and create rhizomes, its control is inefficient (Machado et al., 2006) . Machado et al. (2008) commented that the higher difficult to control sourgrass plants emerged from rhizomes may be related to the increased thickness of adaxial and abaxial epidermis as well as to the increased thickness of the leaf blade, when compared to plants grown from seeds. They also observed great amount of starch in the rhizomes, that may difficult glyphosate translocation and allow fast shoot regrowth. Therefore, not always a hard-tokill biotype is a resistant biotype. Low susceptibility may also be related to advanced phenological stage, plant physiology and morphology.
Considering control at 14 and 28 DAA and dry mass, it was evident that plants phenological stage at the application moment is a very important detail to be observed for reaching complete control with glyphosate. Always, applying glyphosate on pre-flowering plants demanded higher doses than applying glyphosate on tillering plants (Tables 3 and 4 ). For example, considering dry mass of biotype F, dose necessary to control plants on preflowering was three times higher than the necessary dose to control the same biotype on tillering stage (Table 4 ).
The influence of phenological stage on glyphosate efficacy has been greatly reported in literature. For example, 15.8 g ha -1 a.e. of glyphosate were enough to reach LD50 of Commelina benghalensis on cotyledon leaves stage. However, more than 2,880 g ha -1 a.e. of glyphosate were necessary to reach LD50 of the same population, when considering preflowering plants. In the same work, glyphosate dose necessary to control pre-flowering Brachiaria plantaginea was five times fold than application on cotyledon leaves plants (Dias et al., 2013) . Christoffoleti et al. (2005) and Ribeiro (2008) also reported the interference of plants phenological stage on glyphosate efficacy. These authors evaluated resistant biotypes of Lolium multiflorum and observed lower levels of control on the most developed plants. Lacerda & Victoria Filho (2004) also evaluated glyphosate control of D. insularis. These authors observed that only 128.5 g ha -1 a.e. of glyphosate was enough to reach R50 of young plants on the stage of four unfolded leaves. Nicolai et al. (2010) carried out experiments with sourgrass biotypes collected in the region of Matão, São Paulo State, Brazil. These authors reported the necessity of glyphosate doses between 4,320 and 5,760 g ha -1 a.e. to control some biotypes, with resistance factor of 7,5 (R/S). Adegas et al. (2010) carried out another similar work, in the municipality of Guaíra, Paraná State, Brazil. These authors found out biotypes which 8,640 g ha -1 a.e. of glyphosate resulted on only 77% of control, with factor R/S of 6,4. The R/S factor corresponds to the division of LD50, LD80 or LD95 of the unknown susceptibility biotype by the susceptible biotype (Christoffoleti & López-Ovejero, 2008) . Correia et al. (2010) also reported glyphosate differential susceptibility of sourgrass populations, what enunciated the selection of glyphosate-resistant biotypes. In this work, doses up to 3,988 g ha -1 a.e. were necessary to reach LD50, at 28 DAA. Although it has been commercialized since 70s, the first world case of a glyphosate-resistant weed was only reported in 1996 (Pratley et al., 1996) . This several years delay may be explained mainly due to biochemical characteristics of the molecule when it is in the plants or soil, such as: absence of soil residual activity, presence of multiple physiological paths related to the action mechanism, low ecological adaptability of surviving individuals, low initial frequency of resistant individuals, absence of other herbicides with the same action mechanism and limited metabolism in the plants (Bradshaw et al., 1997) .
In addition, in the last few years, higher number of glyphosate applications have been observed in agricultural areas as consequence of soil management conservationist systems (notillage) as well as the possibility of glyphosate application on transgenic crops. The higher number of annual glyphosate applications has increased significantly the risk of new cases of glyphosate-resistant biotypes, due to the pressure of selection created by the herbicide (Neve et al., 2003) . In this way, since 2008 and 2011, new cases of glyphosate-resistant biotypes of sourgrass have been published in Brazil (Melo, 2011; Carvalho et al., 2011; Heap, 2015) .
Monitoring glyphosate susceptibility of sourgrass biotypes is very important, mainly in coffee plantations of the south of Minas Gerais State. In general, differential susceptibility of sourgrass biotypes was identified in samples collected in the cities of Machado, Alpinópolis, Serrania and Divisa Nova, Minas Gerais State. Level of control obtained up to this moment do not characterize cases of resistance, however new management programs may be structured considering these data, including different herbicides or management practices, in order to prevent or avoid cases of sourgrass glyphosate resistance in the areas.
